Several theories of delusions suggest that anomalous perceptual experience is necessary for delusion formation. This study evaluated the levels of anomalous perceptual experience in a large group of non-clinical participants from the general population (N = 337), a group of psychotic inpatients (N = 20), and two groups of hallucinating (N = 24) and non-hallucinating (N = 24) deluded patients. The aims of the study were to evaluate the hypothesis that pathological levels of anomalous perceptual experience were necessarily associated with delusions. Using the Cardiff Anomalous Perceptions Scale (CAPS) the main finding was that as a group, non-hallucinating deluded patients were not significantly different from non-clinical participants on any of the anomalous perceptual experience indices. We conclude that anomalous perceptual experience, as measured by the CAPS, is not necessary for the presence of delusions.
Introduction
The idea that delusions arise from a primary disturbance of perception was originally put forward by philosopher John Locke (Locke, 1689 (Locke, / 2004 Porter, 1987) . This 'empiricist' approach to delusions (Campbell, 2001) proposes that delusions are the result of anomalous experience. In keeping with this approach, Maher (1974; 1988; 1999) consistently argued for an account of delusion formation, where delusions were the product of otherwise normal reasoning processes applied to anomalous perceptual experience. According to Maher's influential account, anomalous perceptual experience was both necessary and sufficient to account for the formation of delusions. This account has subsequently been challenged (Bell et al., 2006a) . Indeed, Maher's assertion that anomalous perceptual experience is necessary for delusion formation has formed an underlying premise for a number of major neuropsychological theories of delusion formation (Davies et al., 2001; Ellis et al., 1997; Langdon and Coltheart, 2000) . Moreover, while other existing cognitive theories of delusion formation do not explicitly suggest that anomalous perceptual experience is necessary, they often draw inspiration from Maher's model in stressing its importance (Bentall et al., 2001; Freeman and Garety, 2004; Garety and Hemsley, 1994) .
A point often overlooked in the research literature is that Maher's definition of an 'anomalous perceptual experience' and how it relates to delusions has changed over time, as he increasingly included what seem to be post-perceptual processes into his explanation of 'perceptual disturbance'. In Maher's early work (e.g. Maher, 1974 ) the explanation for delusion formation is relatively clearcut and distinctly focused on disturbed perception: "a delusion is a hypothesis designed to explain unusual perceptual phenomena and developed through the operation of normal cognitive processes", which he claims are "indistinguishable from [those] employed by non-patients, by scientists, and by people generally".
In his later work, however, Maher (1988) introduces mechanisms to account for why a person might need to seek an explanation for an anomalous experience, and to explain how perceptions are experienced as anomalous at all, both of which, despite his assertions, encroach on areas traditionally thought to be outside the first 'perceptual' stage of delusion formation.
In later work still, Maher (1999) further explains the origins of anomalous experience as including: …a broad range of neuropsychological anomalies. These include, but are not confined to, (a) endogenous neural activation of the feeling of significance normally triggered by pre-conscious recognition of changes in a familiar environment; (b) unrecognized defects in the sensory system, such as undiagnosed hearing loss, or the endogenous activation or inhibition of the central neural representations of sensory input; (c) temporary alterations in the intensity and vividness of sensory input, as in some forms of drug intoxication; (d) neurologically based difficulties in the focusing of attention with consequent difficulty in discriminating between situationally relevant and irrelevant elements of the environment; (e) experienced discrepancies between the willed intent of a response and the actual form of a response; (f) impairment in the monitoring and calculation of recurring sequential probabilities in environmental events Most notably, (f) seems unequivocally to describe inferential reasoning, whereas (a) and (e) suggest a post-perceptual breakdown in metacognition: (a) has been proposed as a metacognitive factor in dual-process models of memory involved in the control of memory retrieval (Koriat, 2000) ; and (e) in terms of the intention-monitoring system proposed by Blakemore et al. (2002) . Similarly, (d) could equally describe any number of disorders to the high-level contention scheduling / supervisory attention model (Shallice and Burgess, 1998) , which is not thought to have a direct role in perception. Although anomalous experience is not consistently defined in the literature by Maher or others, we define it as an internally generated perception or experience that is rare or statistically aberrant in the population and that may or may not involve a modality specific hallucination.
Anomalous perceptual experiences have been linked to delusions in a number of correlational studies of psychotic patients (Bilder et al., 1985; Peralta and Cuesta, 1999; Peralta et al., 1992) and have also been shown to be associated both with paranormal beliefs (Thalbourne, 1994) and delusional ideation in non-clinical populations (Bell et al., 2006b; Verdoux et al., 1998) . Few studies have formally empirically evaluated Maher's claim that anomalous experiences are necessary for delusions. Chapman and Chapman (1988) conducted an (admittedly poorlycontrolled) study and interviewed a number of students with high levels of schizotypy about their perceptual experiences and subsequently argued that bizarre beliefs could arise without the necessity of anomalous perceptual experience. The study findings were preliminary, however, as the study relied on interview and did not use standardised measures. On a related note, Lawrence and Peters (2004) tested believers in the paranormal and reported that reasoning biases were related to paranormal beliefs, but not paranormal experiences.
To the best of our knowledge, no one has directly tested Maher's theory in delusional patients. One difficulty in testing such an hypothesis, is that most if not all existing psychometric measures of perceptual distortion derive their content and language from mainstream clinical psychiatry and tend to focus on a restricted set of anomalous experiences, usually of a hallucinatory nature. This potentially confounds any inferences about whether delusions are linked to anomalous experience, owing to the narrow definition of anomalous experience, typically drawn from the clinical presentation of psychosis. The Cardiff Anomalous Perceptions Scale (CAPS; Bell et al., 2006b ) was devised to address these issues and has proved to be a valid and reliable measure for a wide range of anomalous experiences drawn from a principled approach to understanding the phenomena.
The CAPS examines the presence of frank hallucinations and illusions in a number of modalities (including auditory verbal hallucinations), perceptual flooding and confusion, changes in sensory intensity, distortions of body image and proprioception, feelings of being uplifted, changes in time perception, thought broadcast and echo, and the experience of a sensed presence (Bell et al., 2006b) while specifically excluding experiences that may have occurred under the influence of drugs. Notably, the CAPS does not enquire about thought interference (blocking, insertion, withdrawal) and dissociative experiences Therefore, the aim of the current study was to test the critical hypothesis that patients with delusions show pathological levels of anomalous perceptual experience. Three groups of psychotic patients were included, one group with, and one group without concurrent hallucinations, and a group a patients with current psychosis not distinguished by their hallucination status. While we predicted that hallucinating delusional patients and the 'unselected' psychotic patients would score highly on a measure of anomalous perceptual experience over a group of patients without hallucinations, a Maherian account of delusions would predict that non-hallucinating delusional patients should also score higher than a non-clinical sample.
Method

Participants and Procedure
Four groups of participants were involved in this study. Two have been previously reported by Bell et al. (2006b) , the non-clinical and 'unselected psychosis' group, and two groups have not been reported before: the 'deluded inpatients with hallucinations' (D+H) and the 'deluded patients without hallucinations' (D-H). All groups are used in a comparison of levels of anomalous perceptual experience, and the non-clinical group and the 'unselected psychosis' group are also used for new analyses which have not been previously reported.
Non-clinical
The non-clinical sample has been fully described in Bell et al. (2006b) and is briefly described below. The non-clinical group consisted of 337 participants (mean age = 21.6, SD = 5.4, range 18 -54). Participants were largely drawn from undergraduate students (N = 305) including 111 males and 176 females (not disclosed = 18) with a mean age 19.9 (SD = 2.6; range 18 -44; not disclosed = 13), who took part as part of their induction programme (the academic introduction during the first week of university) or who responded to requests for participants. The remaining 32 participants were drawn from an anonymous postal survey, having responded to advertisements posted on general-purpose internet discussion groups. This sample consisted of 17 females and 14 males (not disclosed = 1) with a mean age of 32.4 (SD = 10.2; range 18 -54; not disclosed = 1). All participants completed the CAPS (Bell et al., 2006b ) and the 21-item Peters et al. Delusions Inventory (PDI; Peters et al., 2004) .
Clinical
In addition to the non-clinical sample, three clinical samples completed the CAPS, an 'unselected psychosis' sample, previously reported in Bell et al. (2006b) , and a new sample of 48 psychotic inpatients, categorised into hallucinating and non-hallucinating patients: i) unselected psychosis (UP), N = 20 diagnoses of: schizophrenia = 9, bipolar disorder = 6, psychotic depression = 2, delusional disorder = 1, schizoaffective disorder = 1, and unspecified psychosis = 1. ii) deluded inpatients with hallucinations (D+H), N = 24 diagnoses of: schizophrenia = 19; schizoaffective disorder = 2; bipolar disorder = 2; unspecified psychosis = 1. iii) deluded patients without hallucinations (D-H), N = 24 diagnoses of: schizophrenia = 14; schizoaffective disorder = 5; bipolar disorder = 2; psychotic depression = 2; unspecified psychosis = 1.
Data from the 'unselected psychosis' group were recruited from 4 acute psychiatric admission wards in the Cardiff area. The patients were selected on the basis of having been diagnosed with a current psychotic episode by the responsible clinician. Patients in this sample were screened with the Psychosis Screening Questionnaire (PSQ; Bebbington and Nayani, 1995) to confirm the clinical classification. The group consisted of 13 females and 7 males and had mean age 40.68 (SD = 10.6, range 25 -64, not disclosed = 1).
CAPS data from the deluded psychiatric inpatients were collected by Nicola Smedley and Emmanuelle Peters (Department of Psychology, Institute of Psychiatry, King's College London) from inpatients in acute wards (N = 19), inpatients in rehabilitation wards (N = 20) and service users in residential rehabilitation housing in the South London and Maudsley NHS Trust area (N = 9). Of these 48 inpatients, 24 were diagnosed as being currently deluded with hallucinations (D+H) and 24 were diagnosed as being currently deluded without hallucinations (D-H). Diagnoses were originally made by the responsible clinician, and confirmed by administration of the Scale for the Assessment of Positive Symptoms (SAPS; Andreasan, 1984) . Participants in the group of deluded patients with hallucinations consisted of 13 males and 11 females, had mean age of 38.13 (SD = 9.78, range 18 -65, not disclosed = 2), a mean hallucinations subscale score of 1.98 (SD = .88, range 2 -5), and a mean delusions subscale score of 1.82 (SD = .71, range 2 -5). Participants in the group of deluded patients without hallucinations consisted of 15 males and 9 females, had a mean age of 40.64 (SD = 11.24, range 21 -63), a hallucinations subscale score of .1 (SD = .19, range 0 -1) and a mean delusions subscale score of 1.22 (SD = .66, range 2 -5).
When tested with a chi-square test, there was no significant difference in the distribution of gender between the clinical groups ( 2 = 3.411; Fisher's exact p = .216). When the clinical groups were compared with a one-way between subjects ANOVA there was no effect of group on age (F (2,62) = .440, p = .646) and no significant differences were found when groups were compared individually using a Tukey-HSD post-hoc comparison. As expected, the deluded group with hallucinations were rated as having significantly greater levels of hallucinations than the deluded group without hallucinations when SAPS delusions score was compared using an independent samples t-test (t (46) = -10.183, p < .0001) with the deluded group without hallucinations scoring close to zero (.1). Although both deluded groups were rated as being clinically deluded on the SAPS, it is notable that when compared using an independent samples t-test, the difference between the deluded group with hallucinations (D+H) and the deluded group without hallucinations (D-H) was significant (t (46) = -3.023, p < .005), although with only a .6 difference in mean rating between groups.
None of the participants in the clinical samples had a history of either brain injury, or substance or alcohol abuse, and, except for one patient, were all on a medication regime at the time of testing. This was confirmed by review of the clinical notes. The CAPS was completed with the experimenter present to assist with any difficulties in reading or comprehension.
The study was ethically reviewed and approved by all the participating institutions and informed consent was obtained from participants (both clinical and non-clinical) before participation.
Results
Comparison of levels of anomalous perceptual experience
The means for the CAPS total score and subscale scores are illustrated in Figure 1 . The non-clinical controls, and the hallucinating (D+H) and non-hallucinating deluded (D-H) patients were compared on all subscales of the CAPS using a one-way independent samples ANOVA. There was a significant effect of group on all CAPS subscales: CAPS total score (non-clinical mean = 7.33, SD = 5. Tukey-HSD post-hoc tests were performed to compare the differences between individual groups on individual subscales, the results of which are displayed in Table 1 . As can be seen, the hallucinating group differed from the non-clinical group on all CAPS scores by at least p < .005, and from the non-hallucinating group on all CAPS scores by at least p < .05. Notably, no significant differences were observed between the non-clinical and non-hallucinating groups on any of the CAPS scales. Howell (2005) and Honeig and Heisey (2001) note that the use of retrospective power calculations to aid the interpretation of null results is inappropriate, and, instead, confidence intervals should be used to examine the likely extent of any difference between means. For the comparisons in our study, the confidence intervals for all the differences between the non-clinical and non-hallucinating groups span zero, suggesting the possibility of no true difference between the groups. The question of how confidently we can draw these conclusions remains, however. To quote Honeig and Heisey (2001), "if the nonrefuted states are clustered tightly about a specific null value, one has confidence that nature is near the null value". For our critical comparison, the confidence intervals for the differences on CAPS total score between the non-clinical and non-hallucinating group range between -1.60 to 4.25, suggesting a high degree of confidence that the difference between the group means is genuinely zero.
These differences suggest that the non-hallucinating deluded group (D-H) did not show pathological levels of anomalous perceptual experience despite reporting currently active delusions and allows us to conclude that pathological levels of anomalous perceptual experience are not necessary to account for the presence of all delusions.
Comparison of age and sex in clinical and non-clinical groups
As can be seen from the descriptions of the participant samples, there was a small imbalance in the numbers of male and female participants between the clinical and non-clinical samples, although the distribution was not significantly different from chance when tested with a chi-square test (clinical [male = 35, female = 33], non-clinical [male = 125, female = 193]; 2 = 3.415, p = .078). There was, however, a significant difference in age between the samples when tested with an independent samples t-test (non-clinical mean = 21.13; SD = 5.45; clinical mean = 39.71; SD = 10.42; t = -20.89, p < .0005) with the non-clinical sample comprising significantly younger participants than the clinical sample. Although the age differences between the samples are likely to have affected the results, they do not significantly affect the main conclusions drawn from this study, given that age is inversely associated with psychotic symptoms in adults, in both clinical and non-clinical populations (Gonzalez-Pinto et al., 2004; van Os et al., 2000) . This suggests that a comparison between age-matched groups is likely to show a greater effect in agreement with the study's main hypothesis than the potentially age-attenuated results reported here.
Discussion
Previous studies have shown that hallucinations and delusions commonly co-occur in clinical samples (Bilder et al., 1985; Peralta and Cuesta, 1999; Peralta et al., 1992) and this association has, in turn, been used to support theoretical models of delusions that suggest that anomalous perceptual experience is necessary for delusion formation. However, previous studies have not differentiated delusional patients into hallucinating and non-hallucinating groups, and, hence, the original assumption regarding the co-presence (and assumed necessity) may reflect a population average rather than a causal prerequisite. This study evaluated the levels of anomalous perceptual experience in a group of non-clinical participants from the general population and groups of hallucinating (D+H) and non-hallucinating (D-H) deluded patients. The main finding was that nonhallucinating deluded patients (D-H) were not significantly different from non-clinical participants on any of the anomalous perceptual experience indices. This provides evidence against current theories that emphasise that pathological levels of anomalous perceptual experience are necessary for the presence of delusions.
Several researchers have previously argued that anomalous experiences are either necessary, or necessary and sufficient, for delusions (Ellis, 1998; Ellis and Young, 1990; Ellis et al., 1997; Langdon and Coltheart, 2000; Maher, 1974 Maher, , 1988 Maher, , 1999 . Other theorists, such as Bentall et al. (2001) and Freeman and Garety (2004) , are non-committal as to whether such experiences are necessary for delusions, although both accounts cite anomalous experience as a key part of the model. If it is indeed the case that there are subsets of delusional patients that do not show significantly elevated levels of anomalous perceptual experience, as our results suggest, then the possibility arises that processes involved in perception and reasoning could be differentially affected, and that delusions could arise from pathologies to both or either. Indeed, this is consistent with speculations in recent models of persecutory delusions (Bentall et al., 2001; Freeman and Garety, 2004) and more general models by McKay et al. (2005) and Davies et al. (2001) .
It is important to note that this study focused on anomalous perceptual experiences, and not on other potential sources of experience distortion, such, as anomalous affective experience. The results provide evidence against Maher's influential (1974) theory which clearly stated that "a delusion is a hypothesis designed to explain unusual perceptual phenomena and developed through the operation of normal cognitive processes" [our emphasis]. However, in Ellis and Young's model of Capgras delusion (Ellis, 1998; Ellis and Young, 1990; Ellis et al., 1997) , it is argued that the anomalous experience is the product of a deficit in the covert emotional response to familiar faces which in turn produces an anomalous recognition experience. Although the perceptual effect of this anomalous experience may be captured by the CAPS, the proposed affective anomaly may not. These sorts of distinctions pose further questions as to whether perceptual or affective distortions can or should be considered discrete given the significant evidence for the reciprocal influence of cognition, affect and perception (Bruce et al., 2003) . It is useful to suggest at this stage that there is probably a spectrum of influences on conscious perceptual experience. Consequently, the current study can be seen as providing evidence against the 'strong form' of the anomalous experience hypothesis that emphasises the necessity of perceptual distortions, rather than the necessity of all 'anomalous experiences', although it is perhaps worth sounding a note of caution about any theory that uses such an undefined concept as 'anomalous experience' because it is likely to be too wide to be empirically useful, and operationally unfalsifiable.
As illustrated by the explanation of Capgras delusion, anomalous affective experiences may still play a key role in delusion formation. Indeed, affect is an increasingly likely candidate for mediating belief pathology, given its central role in defence and motivational accounts of delusions (e.g. Bentall et al., 2001) , and in theories which cite emotion as have a more direct effect on delusion formation (e.g. Freeman and Garety, 2004) .
There is also growing evidence that the emotional appraisal of anomalous experiences, whether strictly perceptual or otherwise, might be a key mediator of the distress and disability which is likely to determine whether an unusual belief becomes clinical relevant. Indeed, Maher (1988) proposed that anomalous experiences may cause anxiety, and that delusions result from 'explanation seeking' in an attempt to help resolve this tension (in a mechanism similar to cognitive dissonance). There is now a more recent body of research suggesting that some explanations, i.e. negative appraisals, are linked to increased distress themselves (Freeman et al., 2001; Garety, 2003, 2004; Gauntlett-Gilbert and Kuipers, 2005) and experimental evidence has recently been provided by the longitudinal studies of Hanssen et al. (2005) and Krabbendam et al. (2005) who have reported that participants experiencing distress, in combination with an hallucinatory episode at the first assessment, have an increased chance of presenting with a delusion by the second. Further work has suggested that the risk may be even greater for those with abnormallyreactive dopamine systems . This would suggest that the emotional impact of an anomalous perceptual experience may be the critical factor in determining whether, in the long-term, it leads to a delusion.
Limitations of the current study include the fact that, as a cross-sectional study we cannot draw firm conclusions as to the potential temporal or causal role of anomalous perceptual experience. For example, one possible hypothesis is that currently non-hallucinating patients had their delusions 'activated' by anomalous perceptions which long since abated but are nevertheless left with an ongoing delusion. This scenario is not considered by Maher's theory, which argues that delusions arise from the normal interpretation of ongoing anomalous experience. Although rarely tackled directly in theories based primarily on patients with monothematic delusions (Davies et al., 2001; Ellis, 1998; Ellis and Young, 1990; Ellis et al., 1997; Langdon and Coltheart, 2000) , the implication is that ongoing anomalous experience is necessary for the maintenance of delusions, particularly in the case of the Capgras delusion, from which many of these theories mostly draw their inferences. Although the largely unexplored phenomenon of delusional memory (David and Howard, 1994; Howard and Burns, 1992) may account for cases where anomalous experience was initially involved in the formation but not maintenance of delusions, this issue remains unresolved. Although studies have looked at the longitudinal influence of hallucination and distress on later delusion formation (Hanssen et al., 2005; Myin-Germneys et al., 2005) , the ongoing influence of perceptual distortions has yet to be studied.
Furthermore, it could be argued that only a very circumscribed or specific anomalous experience would be necessary for a delusion to form. As the CAPS score is based upon a summation of experiences, this situation might not be adequately captured by the scale. It is important to note, however, that this hypothesis is ultimately unfalsifiable, as defenders of this position can always argue that the failure to find evidence of anomalous experience does not refute the hypothesis (as there might always be an ever more circumscribed or fleeting anomalous experience that has yet to be uncovered). We admit that this is a possibility, but would argue that as the first direct test of Maher's theory, our findings suggest that there are some delusional patients which do not have the gross perceptual distortions often cited as necessary.
Conclusions
In summary, the present study presents for the first time, evidence that pathological levels of anomalous perceptual experience, as measured by the Cardiff Anomalous Perceptions Scale, are not necessary to account for the presence of all delusions, given that the non-hallucinating group of delusional patients did not score differently from healthy controls. Analysis of the confidence intervals for this difference suggests that the result can be accepted with a high level of confidence.
